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raot NAS _5172, covered the design, develol_ent_

and fabricationof experimentalAB-5 gyroscopeswith improved

mechanicalconfigurationand _otor performance. Prototypehard=

ware has been deliveredto NASA Astrionies_bo_atory for further

evalv_tion.

It is recoHae:_edthat the next phase of this gyro develop-

ment program _hould includethe fabrlcati_h (fr_ beryllium) of

campleteE_ro inner cylinderassembliesusing the symmetrical

frame concept for dual stator flywheelsupport. These assemblies

can be fitted %o existing_leeve hardware for drif_ test evaluation.
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I. Introduction _ _ _0 /

This report constitutesthe final report for Task 5 (Experimental

AB-5 GyroscopeDevelopment)a_d covers primarilythe summary and con_

clusionsof the work per£ormed. Much of the detailedwork has been

coveredby previousrepol)tsand reference to these repcrts is made

herein rather than a repetitionof the data.

Task 5 can be divided into five distinct areas of investigation:

I. Motor Study and Development

2. MagneticShieldingEvaluation

3. Design Completion0_"_the Unit Frame Gyro and Deliveryof a

PrototypeUnit.
q

4. An Analyticalan_Experimental TemperatureStudy of the Unit

F_ame Gy_9 Prototype

5. Electron Beam WeldingEvaluation

All areas except the experimentaltemperaturestudy of the prototype

gyro have been discussed in earlier reports but are summarizedor referenced

in this report. Results for the experimentaltemperaturestudy appear for

the first time and are repo_ted in detail herein.

i

!
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. . A. Induction Motors

The inductionmotors evaluatedduring this program used a

single stator build up from the same 18 slot laminationsused in

the dual stator hysteresismotors. Two typesof inductionrotors

were evaluated: (I) a 59 slot, squirrel cage rotor with silver

bars, and (2) a solid Armco ingot iron rotor. The solid (eddy

c1_vrent)rotor was used primarilyas a control or basis for
3

Judging the efficiencyof the squirrel cage rotor.

An induction type motor was originallyproposed on the

_ssumptionthat it would be very efficient,would run at a

constantspeed, and would not experience huntin£. These are

,__ inherentcharacteristicsof the inductionmotor. During the

actual design of the squirrelcage rotor it was discoveredt}_t

the flywheel space availablefor the rotor was insufficientfor

the requiredvolume of iron and silver. The final design was

a compromiseusing the _ximum amount of silver with the iron

volume reduced to the point of saturation. Test rss_Its indi-

'_ care that the resistanceof the squirrel cage was 8_iI too high

for good efficiencyand saturationin the rotor ir_,_esu!ted in

high _agnetizingcurrent. The solid ingot ir¢_ _o_Or was actually

more efficientthan the squirrelcage rotor because there was no

saturation,but the high resistanceof th_ solid iron resulted in

an inferior speed-torquecharacteristic.
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It was concluded that an induction type of motor is not prac-

tical in the present AB-5 gyro and even less practical for a small

split stator gyrOo The originaI assumptions regarding an induction

gyro motor are still valid; however, the gyro must be _nitially

designed to acco_odate optimum motor proportions. The present AB-5

flywheel is better adapted for a hysteresis rotor because of its

relatively small size.

Results of the induction motor tests were reported in the
q

March 1963 monthly report.

B. H_ystere_is Synchronous

I. TwoPole - The best results were obtained using the GE, P-6

hysteresis materi_l inJ_ -_otorand nickel-iron laminations

(Carpenter 49) in the stator. The motors tested indicated

that an input power of 7 to 8 watts would be the lowest value

that could be achieved with adequate safety against loss of

synchronism+ Since this is above the 5 watt value which was
+,

established,as the desired maximum for the new unit frame

gyro, the two pole operation was abandoned in favor of the

4 pole operationo

_ 2. Four Pole - As with the two pole motor, the best result_ were

achieved with the GE, P-6 rotor material and with the new

nickel-iron stator lamination. Power input with 4 pole opera-

tion is in the 3 to 5 watt range; _he variations are due to

slight manufacturing differences.
j_
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Results of the hysteresis,motor tests appear in the April 1963

MonthlyReport.

C • starers

In 1962 Sperry Farragut Engineeringmade a preliminaryanalysis of

the AB-5 _vro motor. This analysisled to thedesign of a new 18

slot nickel iron starer laminationto replace the exieting 12 slot

lamination. The 18 slot stato_',which has more slot area, is notice-

ably better in the 4 pole winding. In the 4 pole starer, the end

turn build up does nob create a problem, and the slot can be wound

full. In the two pole, however, the end turn buildup with a full

slot is greater than the_:_llowablespace, and the advantageof the
/-J

extra slot area is lost _n reducing the wire size to bring do_n the

end turn build up.
/

_ith either the 12 or 18 slot laminations,the new nickel-iron

materialwas superiorto the silicon steel.

,., III. _0 S__ie!d_n_
_ L9

A desirablefeature of the AB-5 gyro would be a magnetic shield

to isolate the magne_ic effects of the gyro motor (stators)from the

pickup assembly. One_hase of th_s task was to evaluate the feasi-

bility of depositingEu-metal, or some other shieldingmaterial direc_

tly on to the inner cylinder and frame. Investigationsinto this

area resultedin the recommendationof a process called "Polyform'iby

the Barber-ColmanCompany. Accordingto Barber-Colmana deposited

thicknessof .007 - .012would achieve 85% - 97% shieldingefficiency

at 400 ops.

1964019287-009



In order to eval_mte this shielding process, two sample L_ryllium

cylinders and four Sample discs were sent to the Barber-Colman Company

for an application. "Polyform" shielding ("Unimag 80" material) was

used. The two cylinders were completed and have been forwarded to

NASA for further evaluation.

The four remaining samples were returned to SFCo unfinished.

Because the magnetic shielding material does not adhere directly

to a flat smooth beryllium surface but must be secured by some bonding

agent such as epoxy, the shields inside the two berylliw_ cylinders

were preformed and _hen bonded to the cylinders. The merits of this
i

method of application should be evaluated under operating condition;

not only for_shielding effects but also for thermal stability.

In general, the "Polyform" process looks promising if there are

n,::_serious effects from the bonding process and/or ther'_alinstability.

Magnetic shielding should be incorporated in any future prototypes for

a thorough evaluation renderactual operating conditions.

In order to spray magnetic materials directly on the surface (without

'i\, ', )S/'
a bonding agent) it woul'iprobably be n_cessa_'_'to maintain a minimum ';

surface roughness necessary for adequate adhesion such as a specified

rms machine finish or an abraded or sandblasted stu.face.

Further investigation i_ this area is _ecessary in order to arrive

at the _mst satisfactory method of applying and/or bonding themagnetic

material.

1964019287-010
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, A. Fabricationand Analysis

A prototypeunit fra_o, du_l stator, innercylinder assembly

• was deliveredto NASA on 12 July 1963. This unitwas fabricated

from aluminumwith a g_Tomet (highdensity)flywheel rotor and

GE P-6 _steresis material. The statorswere 18 slot (nickel-iron

material)connectedin parallelfor 26 volt operation. Th_ 115
/

volt operationwas not practicalbecauseof the smallwire size

required. Constructionfeatures of the unit frame are"

+ _i_idity- tbefra_i_a_st perfe_tiyrigidinboththe

axial and radial direction. In either case, the /_eldrate

is very small comparedto the yield rate of the bearings.

"/

SeeFigure3. /
//

+ TemperatureDistribution-the results of the experimental

temperaturestudyverify that the te_F_raturegradients

throughoutthe gyro are small and the heat flow is uniform

to each end ef the frsx_e. In addition, the heat from the

statorsflows directlyinto the frame and not t_ough the

ball bearings as with the single 8tator motors.

+ Bearing Life - this type of constructionpermits inner race
J

.< rotationof the bearingswhichwill add to the life of thel

assembly.

+ Reductionof Parts -_elimln_¢edin this design are the end

bells, screwsand hanger cl_mps. This will help not only in

requiringless spars parts for kits and for assemblin_the

_\' _etor, but also in reducingmass shift possibilities.

/

/

'_. -. ,,/ - \\
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Because the gy2o does not require helium for operation,the prob-

lems of helium sealing are removed. This simplifiesthe problems of

power lead installationand removes the requirementfor a helium

injectionassembly. The abo_e factors,when combined, should result

in a gyro with low t1_erma!mass shift and with a long operatinglife.

B. Documentation

Prints documentingthe parts and assembliesof t}_ unit frame _ro

were updated to reflect the results of the motor _ssts and the prototype

unit fabricationand evaluation. Brownline reproducibleshave been

forwardedto NASA (hand carried to Mr. Panzer; referenceSFCo shipment

Y-1930).

Vo

A. _ M_thod

One of the pri_ objectivesof the AB-5 symmetricaldesign concept

was to achieve a more equal temperaturebalance throughoutthe gyro.

Temperaturegradientshave a profound influenceon over=all 8yro per-

formance_ directlyaffectingthe bearing life, operatingtemperature

drift rate tolerance,drift rate repeatability,mass shift, and/or mass

unbalance.

In order to determine the gradientsthroughoutthe unit frame AB-5

gyro_ a prototypeOmit was assembledwith thermocoupleprobes in strategic
_r

locationsthroughoutthe assemb3_. See Fibres 1 and 2.

The inner cylinder assemblywa_ placed in an air bearing with an

air flow of 2000 co/rainfor temperaturestabilization. Air flow into

the air bearingwas controlledto 35°C during the first phase of the study

1964019287-012



r_

I

1964019287-013



1964019287-014



@ @

and then at room temperature(27.8°G)during the second phase.

The unit was operatedat synchronousspeed (129000rpm) with a

power input of 4.5 watts for approximately4 hours before the tem-

peratureswere recorded. The temperaturesas recordedunder the two

conditionsare as follows:

Thermocouple Air @ 35° Air @ 27.8c
Location ....°C ..... oC

Stator Slot 42.9 _ 42.9 "

Lamination 40.2 40=2
f

Stator Support 38.3 38.3

Bearing Race 37.8 37.8

Frame 37.8 37,8

Cover (end) 36,8 36,8

F_ame (end) 36.8 36.8

F_ame (hub) 36,6 36.0

Cylinder 36.0 36.0

The temperaturesand exact loca_ions are shown in Figure 2.

Tl_ maximum temperaturedifferencerecorded at the va_io_ points

within _he gyro was 6.9°C. T,'_ _curred betwee_ithe stator slot and the

extre_ surface of the air bearing. There was a t6mperaturedifference

of 15.1°0'between the stator slot and the ambient air Of 27.800. There

appears to be no significantchange in temperaturefrom the outer race

of the bearings to the frame sectionpor across the joint n_ the frame

to the cylinder cover. Ability to detect small differencesthat might

exist is limitedby thermo_uple accuracy. Gradientsof less than _o are

1964019287-015



difficult to distinguishand are app,*cachingthQ accuracy tolerance

of the thermocouple.

s.

As intended in the originaldesign concept_ results of the _tem-

perature study verify that there is no heat flow from the shaft through

the bearings. This factor in conjunctionwith the inner race rotation

feature of the design, should add considerablyto the expected lifeJol°

the gyro.

There was no significantdifferencebetween the.results of the air
o

supply at 27.8°C and 35 C. Apparentlythe 3500 air d._ssipatesthe heat

in the end housing and air inlet before the air goes through to the air

hearing. In each case_ the resultingtemperatureswere nearly the same.

I. T_e t  ,Effecton.elo d

The temperatureeffect on bearing preload was consideredfor
/

two frame materials: _luminumand beryllium- b_sed on the yield

rate curve of the specialbearing assemblypurchasedfrom the

Barden Corporation. See Figure 3. The preload required to prevent
'],

"unloading"of one bearing during a 10g axial accelerationis 3

pounds. This value is used in the followingcalculationsas the

minimlm preloado

A change in length between the frame and bearing shaft is

expressedby the @quation_

_L =Os(Tos -Ta) T_ - Of (Tof -Ta) IT

-9-
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' where AL = change in length (inches)

C s = coefficientof thermal expz_sion of 52100

steel shaft (in/in - CO)

Cf = coefficientof thermalexpansion of frame

i./i - % i)

TO = operationtemperature (co) _

Ta = assembly (cold)temperature (°O)

L = effective length of parts (inches)

Because the actual temperatureof the shaft (a rotating member)was

not measured,it is necessary to _eStimatean operatingtemperature. From

F_gure 3 it is observed that the temperatureof parts surroundingthe

shaft are from 38.3°G'to 42.2°C. Since most of the heat is generatedin

the statorwinding, it is unlikely tha_ the s_aft is a_ hot as the latter
" U

/

\'_ ofigure above. Tn the ._o11. ;_I.ng _;_=lyses a temperature of 40°O is used ,.s

,/ 'the shaft temperature. _)eration temperature of the frame is taken as

3?o0. (referenoe _gv.re 2),,
t,

_// ao PreloadAnalysis for Alumimm F_ame ,,

Lf = 1,7 inches .Ls - 1,58 inches.

OS1 = 12,2 X 10-6 in/in- °O

O_ = 19,6 x 10-6 in/in- °O '.

Then Z_L = 12.2 x 10-6(},0 - 2?.8) 1.58 - 19.6 x 10-6 (3?.0 - 27.8) 1.7

L = -?0 x 10"6 in. (preloaddecreasing)

From the yield curve (_Igure3) a change of ?0 x 10-6 inches(35.0x 10-6

per bearing) causes a decrease in preload of 1.35 Ibs (using3 Ibs as the
>

orisinal setting).

//,

-10-
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In order to achieve an operatingpreload of 3 Ibsp the "cold" pro-

load must be set such that the axial deflection (singleside) is 35.0
1

x 10.6 inches above the 3ib. deflection Referring to Figure 3
,J

it can be determinedthat th_ proper "cold" preload setting is 4.6 Ibs.

b. Preload Analysisfor BerylliumFrame

(cf = 12.4x lo"4 in/in - °c)
\'_,_ 0_6 0-6L = 12.2 x I x (40- 27®8) 1.58- 12.4x I (37o0- 27.8) I.7

A L = + _0 x 10"6 inches (preloadincreasing)

Using a single side deflectionof 20 x 10"6 inches and

referringto the yield curve, this causes an increase of approxi-

mately 0°8 Ib for an initial setting of 3.0 s_. Using the yield

curve in a reverse manner, the berylliumconstructionrequires an

initial proload setting of 2.15 Ib in order to have a resulting

3 ib preload at operating temperature.

Results of the analyticalheat flow study were submittedin the March 1963

monthly report and are not repeated here.

2.
q

Preloadingof the hearings is accomplishedby lapping the bearing

retaineruntil the desired coast down time is established,,.Figure 4

shows the relationshipbetween the coast downtime and the amount of

preload. This curve was establishedby placing weights from 1 to _ ibs

in 1 Ib incrementsdirectly on the outer race (so as to thrust load

the bearings) and the coast down time was measured as the wheel coasted

from synchronousspeed to a complete stop under the_variouspreloads.

-11 -
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, vl. Z_leotr_on_am Welding

• ApplicationsOf the "ElectronBeam _elding" processwere considered

in the basic design o?:the AB-5 gyro to secure the bearing shaft (52100

steel) to the flywheel (tungstenalloy) and to secure the hysteresis

rings (GE, P-6) to the flywheel_

Samples of the materialsto be welded were given to NASA for their

evaluationusing the AstrionicsLaboratoryelectron beam welding machine.

A satisfacto_ weld of these materialswas not accomplished. However, in

discussingthis prdblemwith NASA (MrsPanzer on 12 July) it was learned

that NASA had been experimentingwith "ElectronBeam _razing." Since

brazing _s a recommendedJoiningprocess for the tungstenalloy, it "is

very likely that an electronbeam brazing process can be developedfor

joiningthe shB£t and flywheel. This item is undergoingfurther investi-

gation by NASA.

VII. Concl_u_,iq_ and RecommeMation_

Briefly the conclusionsof this task are as follows:

I. InductionMbtor - The AB-5 inductionmotors were not as

satisfactoryas the hysteresismotors for the appllcation

intended and are net recommended_forUSe in the ABe5 g_o.

2. Rotor Material . The GE P-6 magnetic hysteresismaterialis

recommendedfor use in the rotor.

3. Stator - The 18 slot laminationof nickel-ironmaterial

(Carpenter49) i_ recommendedas being the

12 slot silicon _teel.

1964019287-021



J 4. Unit Frame Construction_ All availabledata i_dicates
jr

that the unit frame constructionwill be superior,

especiallyin reducing thermal mass s}:ift_ffects. It

is recommendedthat a minimumof two assembliesbe 'i

fabricatedand drift tested. These u_its could be

fabricatedfrom aluminumor beryllium,howeverthe use

of berylliumis recommendedsince it will ultimatelybe

the material of construction.

5. Electron Beam Welding - Since the electron beam welding

processwas _hotsatisfactory,_t is reo_nded that a

brazing process be investigatedin lieu of the welding.

This work rlsto be continuedby NASA AstrionlcsLaboratory
b

using their electron beam facility.

_ _,_' 1_ _ _
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